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HW 3: Due Friday, 27 January 
2.11, 2.13, 2.14, 2.17, 2.10, 2.27, 2.31, 2.33, 2.34, 2.40, 2.44, 2.47, 2.53 


Problem 2.11 A 50-Q microstrip line uses a 0.6-mm alumina substrate with £, = 9. 
Use CD Module 2.3 to determine the required strip width w. Include a printout of the 
screen display. 


Solution: According to the solution provided by CD Module 2.3, the required strip 
width is 


w = 0.613 mm. 


Module 2.3 Lossless Microstrip Line Select: | Impedance vs. Strip Width $ | 


| Microstrip Characteristic Impedance 


f 2 4.412 [GHz] 


Output 


Structure Data 
w = 0.613 [mm] 


Strip width w = 0.613 [mm] 


ie 


Eeff 
Substrate thickness h = 0.6 [mm] 


Frequency f = 4.412E9 [Hz] 


Er 


9 


din 


50.007 [2] 

6.131 

1.212 [108 m/s] 
0.027 [m] 


165.057 
412.751 


h = 0.6 [mm] w/h = 1.022 


[ pF/m ] 
[ nH/m ] 
[IQ /m] 
[S/m] 


[ Np/m ] 
[rad /m ] 


Problem 2.13 In addition to not dissipating power, a lossless line has two important 
features: (1) it is dispertionless (up is independent of frequency) and (2) its 
characteristic impedance Zp is purely real. Sometimes, it is not possible to design 
a transmission line such that R' < c and G' < wC", but it is possible to choose the 
dimensions of the line and its material properties so as to satisfy the condition 


R'C'-I'G' (distortionless line). 


Such a line is called a distortionless line because despite the fact that it is not lossless, 
it does nonetheless possess the previously mentioned features of the loss line. Show 
that for a distortionless line, 


154 qu 
a = R’ p^"RGe. B=avi'c', A= CU 


Solution: Using the distortionless condition in Eq. (2.22) gives 
y—a-tjB = y (R'* joL')(G' + joc’) 


/ 
- vee f (E +10) (E e) 


Hence 
C! a) 1 
a = Re(y) - 8 7 B -Jmiy)-ovyZc', b= um 


Similarly, using the distortionless condition in Eq. (2.29) gives 


RjoLo A R'/L'+ jo _ P 
G+joc'’ VC \V @/c'+jo Vc" 


Problem 2.14 For a distortionless line [see Problem 2.13] with Zo = 50 Q, œ = 20 
(mNp/m), tip = 2.5 x 105 (m/s), find the line parameters and A at 100 MHz. 


Solution: The product of the expressions for @ and Zp given in Problem 2.6 gives 
R' =aZ=20x107x50=1 (Q/m), 
and taking the ratio of the expression for Zo to that for uy = @/B = 1/VL'C’ gives 


u^ 50 


=—= 55,908 =2* 1077 (H/m) 2200 (nH/m). 
"s 


With Z’ known, we use the expression for Zo to find C": 


yo $xw 


mM ES acce d 
CZ Go 


=8 x 10`!! (F/m) 280 (pF/m). 


The distortionless condition given in Problem 2.6 is then used to find G’. 


g RC. 1x80x107? 
TL 2x10-7 


—4x107^(S/m)—400 (uS/m), 


and the wavelength is obtained by applying the relation 


Mp 25x10 


f 100x106 


Problem 2.17 Using a slotted line, the voltage on a lossless transmission line was 
found to have a maximum magnitude of 1.5 V and a minimum magnitude of 0.6 V. 
Find the magnitude of the load’s reflection coefficient. 


Solution: From the definition of the Standing Wave Ratio given by Eq. (2.73), 


Solving for the magnitude of the reflection coefficient in terms of S, as in 
Example 2-5, 
$S—-1 25-1 


|r| =—— = = 0.43. 
S+1 2.541 


Problem 2.19 A 50-Q lossless transmission line is terminated in a load with 
impedance Z; = (30 — j50) Q. The wavelength is 8 cm. Find: 

(a) the reflection coefficient at the load, 

(b) the standing-wave ratio on the line, 

(c) the position of the voltage maximum nearest the load, 

(d) the position of the current maximum nearest the load. 

(e) Verify quantities in parts (a)-(d) using CD Module 2.4. Include a printout of 

the screen display. 


Solution: 
(a) From Eq. (2.59), 


Z-Z  (30— j50) — 50 


- Li uud 
Zu Zo  (30—750)--50 


(b) From Eq. (2.73), 


. FH 14057 Á— 
".1-|[| 1-057 7° 
(c) From Eq. (2.70) 
d= 6,A n. u —TD.8'x$emsrzad , nxSem 
— Ae” 2 — An 180° 2 
= —0.89 cm 4- 4.0 cm = 3.11 em. 


(d) A current maximum occurs at a voltage minimum, and from Eq. (2.72), 
duin = dmax — A /4 = 3.11 cm — 8 cm/A = 1.11 cm. 


(e) The problem statement does not specify the frequency, so in Module 2.4 we 
need to select the combination of f and £, such that A = 5 cm. With £, chosen as 1, 


The generator parameters are irrelevant to the problem. 
The results listed in the output screens are very close to those given in parts (a) 


through (d). 


Module 2.4 Transmission Line Simulator Options: | Set input / Output $) 


d: 


EA- 
[ Z, = 50.0 +j0.0 Q 


V, 7 10*)0.0 V 


Pa 
\ 


d= 1.25 À = 100.0 mm 


Set Line 
Length units: (O [A] 


Low Loss Approximation 


Characteristic 
Impedance 


Frequency f= 


Relative Gia 
Permittivity r 


Line Length 


Zo = 


Qm] 


Zo = 50.0+j0.0 Q 
e, = 1.0 


© impedance O Admittance 


Set Generator 


Figure P2.19(a) 


zENZM 
z EN 


Z, = 30.0 -j 50.0 Q 


f = 3.75 GHz 
À = 80.0 mm 


d=0 


Output Transmission Line Datal + 


Cursor d =0.0) =0.0m 


Impedance 2Z(d) = 30.0 -j 50.0 
[Q] = 58.309519 L -1.0304 rad 
Admittance Y(d) = 0.008824 + j 0.014706 
[S] = 0.01715 L 1.0304 rad 
Reflection Tg =0.10112359 -j 0.56179775 
Coefficient = 0.57082633 L -1.392703 rad 
= 0.57082633 L -79.796026 * 


Voltage Vid) = - 0.280899 - j 0.550562 
[V] = 0.61808 L -2.0426 rad 


Current T(d) = 0.005618 - j 0.008989 
[A] = 0.0106 L -1.0122 rad 


Power Flow Pay = 1.685393 
[mw] 


Module 2.4 Transmission Line Simulator Options: | Set input / Output $) 


ono 


Zg = 50.0 +J0.0 Q 
V, =1.0+)0.0 V 


d= 125 à = 100.0 mm 


Set Line 


Length units: (O [A] (9 (m] 


Low Loss Approximation 


Characteristic 
Impedance 20 = 


Frequency f= 


Relative PEN 
Permittivity — *r 


Line Length 


Zo = 50.0+J0.0 Q 
e, = 1.0 


a-o ]e[» — ]. 


(9 Impedance O Admittance 


Figure P2.19(b) 


Z, = 30.0 - J 50.0 Q 


f = 3.75 GHz 
i = 80.0 mm 


Output Transmission Line Data2 $) 


SWR = 3.6601 (load) 


Amplitude of Incident Voltage Wave [V] 
Vg =0.0 -j0.5 
=0.5 L -1.5708 rad 


Location of First Voltage Maximum & Minimum 
d (max)= 0.38917 À = 31.1338 mm 
d (min) = 0.13917 Ì = 11.1338 mm 


TIME-AVERAGE POWER 
P( abs )= 1.685393 [mW] 
P(Zg) = 3.820225 [ mW) 


Absorbed by load 
Absorbed by Zg 


Problem 2.27 At an operating frequency of 300 MHz, a lossless 50-Q air-spaced 
transmission line 2.5 m in length is terminated with an impedance Zr, = (40+ /20) Q. 
Find the input impedance. 

Solution: Given a lossless transmission line, Zp = 50 Q, f = 300 MHz, / —2.5m, 
and Zg = (40+ j20) Q. Since the line is air filled, up = c and therefore, from 


Eq. (2.48), 
@ 2r x 300 x 10° 


p Hp 3x108 
Since the line is lossless, Eq. (2.79) is valid: 


Zt + jZotan DI 
yEy A 2 a d 
Zo + jZ tan DI 


— 2z rad/m. 


(40 + j20) + j50tan (27 rad/m x 2.5 m) 
E + j(40 + j20) tan (27 rad/m x 2.5 zl 
= SO [(40 + 20) + j50 x 0] 50 + (40 + j20) x 0 
= (40 + j20) Q. 


Problem 2.31 A voltage generator with 
vg(f) = 5eos(2z x 109r) V 


and internal impedance Z, = 50 Q is connected to a 50-Q lossless air-spaced 
transmission line. The line length is 5 cm and the line is terminated in a load with 
impedance Zg = (100 — j100) Q. Determine: 

(a) T at the load. 

(b) Zin at the input to the transmission line. 

(c) The input voltage V; and input current È. 

(d) The quantities in (a)-(c) using CD Modules 2.4 or 2.5. 


Solution: 
(a) From Eq. (2.59), 


_ Z-Z (100-j100)-50 ,.., psy 
Z+Z  (100— j100) +50 


(b) All formulae for Zin require knowledge of B = @/up. Since the line is an 


air line, p = c, and from the expression for v(t) we conclude œ = 27 x 10° rad/s 
Therefore 


27 x 10° rads 20x 
Sen oOo rad/ 
isa. a 
Then, using Eq. (2.79), 


Z -7 Zt + jZotanB/ 
nz Zo + jZ tan B/ 
= (100 — 100) + 50 tan (79 rad/m x 5 em) 
~~ | 50+ j(100 — 7100) tan (2 rad/m x 5 cm) 
-si (100 — j100) + j50tan (3 rad) | - (25-j127)0 
"^ |soxj(100—7100)tan(Zrd)| ^ ^ ^ ^ 
(c) In phasor domain, = = 5 Vel From Eq. (2.80), 


= V.Z S= 3127 5 o 
V; = gun = 5 x (12.5 T ) = 1.40e 740 (V), 
Zet+Zin —50-(12.5— j12.7) 
and also from Eq. (2.80), 


~- F ].4e 34.0" uu" 
LolL-.————..—784eM5 (mA). 
! Za (12.5- 12.7) nes 


Module 2.4 Transmission Line Simulator Options: | Set Input / Output — * 


Zg = 50.0+j0.0 Q Zo = 50.0+j0.0 Q f = 10 GHz 
V, 7 5.0*)0.0 V 


e£, 710 à -300.0 mm 
d= 0.166667 à = 50.0 mm 


Set Line 
Length units: (O [A] Qm] 


Output ( Transmission Line Datal $ 


" Cursor d =0.1666 = 49.98 mm 
Z= +s Q Impedance Z(d) = = 12530782 - -j12743638 
Q 9 L -0.7938 rad 
© impedance — O Admittance Admittance Y(d) = 0.039229 + j 0.039896 
s] = 0.055952 L 0.7938 rad 
Characteristic E 
impedance Z9 Ta = -0.53543815 - j 0.31292389 
Frequency t= 


= 0.62017367 L -2.612703 rad 
= 0.62017367 L -149.696881 ° 
Set Generator 
Relative e 
Permittivity rt 


oltag Vid) = 1.16 ~jo. 9€ 
s Vy 240031 L -0.5932 rad 

Line Length Vs =|5 ] ) [0.0 T = = 0076778 41 0015514 

n-[»s ^ j foo ]e : 


Power Flow Pay = 38.461538 


ini 


Problem 2.33 Two half-wave dipole antennas, each with an impedance of 75 Q, 
are connected in parallel through a pair of transmission lines, and the combination is 
connected to a feed transmission line, as shown in Fig. P2.33. 


EN | (Antenna) 


Figure P2.33: Circuit for Problem 2.33. 


All lines are 50 Q and lossless. 


(a) Calculate Zjn,, the input impedance of the antenna-terminated line, at the 
parallel juncture. 


(b) Combine Zi, and Zi, in parallel to obtain Zj , the effective load impedance of 
the feedline. 


(c) Calculate Zin of the feedline. 


Solution: 
(a) 
u- Zi, + jZotan Bhi 
Zim, = Zo E tan 
5-rj5 : 
—50 TTG BN cal Eis eae = (35.20 — 78.62) Q. 
50+ j75tan|(27/A)(0.2A)] 
(b) . 
m Zi 5.20 — j8. 
Zi = Zimm _ CN- LLL. m — (17.60 — j4.31) Q. 
Zw +Zin,  2(35.20— j8.62) 
(c) 


Figure P2.33: (b) Equivalent circuit. 


(17.60 — j4.31) + j50tan[(2z/A)(0.34.)] 


es { 50 + j(17.60 — 74.31) tan[2z/A)(0.3A.)] \ E he LL 


Problem 2.34 A 50-4) lossless line is terminated in a load impedance 
Zy = (30 — j20) Q. 


Zo = 500 Zt = (30 —j20) Q 


| [2.7 (30-720) Q 


(b) 


Figure P2.34: Circuit for Problem 2.34. 


(a) Calculate I and S. 

(b) It has been proposed that by placing an appropriately selected resistor across 
the line at a distance dmax from the load (as shown in Fig. P2.34(b)), where 
dmax 1S the distance from the load of a voltage maximum, then it is possible to 
render Z; — Zo, thereby eliminating reflection back to the end. Show that the 
proposed approach is valid and find the value of the shunt resistance. 


Solution: 
(a) 
B ZL — Zo _ 30 — j20 — 50 _ —20 — j20 _ —(20+ j20) ETE 
Zu Zo  30—j204-50 80— 720 80 — j20 
|. l1«|F| 14034 _ 
».]-|| 1-034 ^ 
(b) We start by finding dmax, the distance of the voltage maximum nearest to the 
load. Using (2.70) with n = 1, 
OA A (=) A A 


d = —-[—c—-—|—-4-—20334. 
SR w'a 180° an 2 


S 


Applying (2.79) at d = dmax = 0.334, for which B/ = (27 /À ) x 0.334 = 2.07 radians, 
the value of Zin before adding the shunt resistance is: 


Zt + jZotan! 
Zin = Zo | 27—— TT 
Zo + jZ tan! 


«o ( (30 = 520) + 50 tan2.07 
~~ \'50-+ j(30— 720) tan2.07 


) = (102+ j0) Q. 


Thus, at the location A (at a distance dmax from the load), the input impedance is 

purely real. If we add a shunt resistor R in parallel such that the combination is equal 

to Zo, then the new Zin at any point to the left of that location will be equal to Zo. 
Hence, we need to select R such that 


1 1 1 
R 102 50 
or R — 98 Q. 


Problem 2.40 A 100-MHz FM broadcast station uses a 300-Q transmission line 
between the transmitter and a tower-mounted half-wave dipole antenna. The antenna 
impedance is 73 Q. You are asked to design a quarter-wave transformer to match the 
antenna to the line. 


(a) Determine the electrical length and characteristic impedance of the quarter- 
wave section. 


(b) If the quarter-wave section is a two-wire line with D = 2.5 cm, and the wires 
are embedded in polystyrene with ¢, = 2.6, determine the physical length of 
the quarter-wave section and the radius of the two wire conductors. 


Solution: 

(a) For a match condition, the input impedance of a load must match that of the 
transmission line attached to the generator. A line of electrical length A /4 can be 
used. From Eq. (2.97), the impedance of such a line should be 


Zo = V ZiZy = V 300 x 73 = 148 Q. 


(b) 
A te. x 3 x 108 


4 Af AV&f 4/72.6x100x 105 — 
and, from Table 2-2, 


0.465 m, 


Hence, 


D pi 1482.6 


120 


) (By term 


and whose solution is D/d = 3.73. Hence, d = D/3.73 = 2.5 cm/3.73 = 0.67 cm. 


which leads to 


Problem 2.44 For the circuit shown in Fig. P2.44, calculate the average incident 
power, the average reflected power, and the average power transmitted into the infinite 
100-Q line. The A /2 line is lossless and the infinitely long line is slightly lossy. (Hint: 
The input impedance of an infinitely long line is equal to its characteristic impedance 
so long as œ + 0.) 


50€ |— 4/2 —— 


I 
Z=50Q |Z, 21000 —e x 


i t 
PL —| —— FS 
I 


Figure P2.44: Circuit for Problem 2.44. 


Solution: Considering the semi-infinite transmission line as equivalent to a load 
(since all power sent down the line is lost to the rest of the circuit), Zr, = Z; = 100 Q. 
Since the feed line is A/2 in length, Eq. (2.96) gives Zi, = Z, = 100 Q and 
BI = (21/A)(A/2) = n, so e*/B! = —1. Hence 

r- Zu—Zo _ 100-50 1 


— Zu-Zo 100+50 3° 


Also, converting the generator to a phasor gives V, = 2e (V). Plugging all these 
results into Eq. (2.82), 


y+. ( Fein ( l )- 2 x 100 l 
95 Ze Za) \eBPl+Te-P!)  \50+100/ |(—1)+}(-1) 


— je/180° — | (v) 
From Eqs. (2.104), (2.105), and (2.106), 


P i? 7 |1g/180^ (2 
" 2% . 2x50 
2 
x 10 mW — —1.1 mW, 


= 10.0 mW, 


; l 
= — - = —|— 


av 


Py = P, = Pi. + P = 10.0 mW — 1.1 mW = 8.9 mW. 


av 


Problem 2.47 Use the Smith chart to find the reflection coefficient corresponding 


to a load impedance of 


(b) Zi = (2 — j2)Zo 
(d) Zi, = 0 (short circuit) 
Solution: Refer to Fig. P2.47. 


(a) ZL — 3Zo 
(c) Zi, — —j2Zo 


34 j0. T — 0.58" 


IL 


(a) Point A is 


o 


0.62e 97 


=2-j2.T= 


-L 


(b) Point B is 


o 


j2. T 21.067534 


(c) Point C is zg = 0 
(d) Point D is zr, 


LH 
tH 
Nm 


L 
me 


o 
Xs 


P 


Solution of Problem 2.47. 


. 
. 


Figure P2.47 


Problem 2.53 A lossless 50-Q transmission line is terminated in a load with 


(50+ j25) Q. Use the Smith chart to find the following: 


(a) The reflection coefficient T. 


(b) The standing-wave ratio. 


Z= 


(c) The input impedance at 0.354. from the load. 
(d) The input admittance at 0.354. from the load. 


(e) The shortest line length for which the input impedance 1s purely resistive. 


(f) The position of the first voltage maximum from the load. 


|] 
meee. 
|] 
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Solution of Problem 2.53. 


Figure P2.53 


Solution: Refer to Fig. P2.53. The normalized impedance 
. _ (50+ 725) Q 


= 1+ 70.5 
500 =e 
is at point Z-LOAD. 
(a T=0.24e/7°° The angle of the reflection coefficient is read of that scale at 
the point 6. 


(b) At the point SWR: S = 1.64. 

(c) Zin is 0.3504 from the load, which is at 0.144A on the wavelengths to generator 
scale. So point Z-/N is at 0.1444. + 0.3504. = 0.4944. on the WTG scale. At point 
Z-IN: 

Zin = ZinZo = (0.61 — j0.022) x 50 Q = (30.5 — j1.09) Q. 


(d) At the point on the SWR circle opposite Z-IN, 


y, — Yin _ (1.64 + 70.06) 


=—= = (32.7 + 1.17) mS. 


(e) Traveling from the point Z-LOAD in the direction of the generator (clockwise), 
the SWR circle crosses the x, = 0 line first at the point SWR. To travel from 
Z-LOAD to SWR one must travel 0.250A — 0.144A = 0.106A. (Readings are on the 


wavelengths to generator scale.) So the shortest line length would be 0.1064. 


(f) The voltage max occurs at point SWR. From the previous part, this occurs at 


z = —0.1064. 


